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TEVORY OFl SUPCCOMUJCTII!TY
II

Nz. W. Dogblyubov

The phenomenon of su.erconaactivity was discovered sc far back as 1911

by the Dkitch scientist tastmerlisgh Oaeese This scientist was the first to

succeed Is cosertilag gaseous Aelims Isto a liquid (1908) Lnd to obtkin a

tenperature that wse oigl a few oegreeo &sore absolute zero (001-soTO

detrees es the DeAIL* seee). S. o.. stems 27).160 centigrade. In study-

Lng t1I Poeistonee of soe sy to lie tango of temperature reachcd, Kammer.

liatgN-Oteas Its eats %*e PeO'PSMIe phenemenon, mercury ceased to show ay

resistance to an eleelPle eftreest assing through it. At the temperature

of 4.12 ea 4he *geeote eegeo St asse4 late the superconductive state.

Zatep %1 t•osel out ISMt Wel ealyl mepcury en c 'A superconduct ive. At

the preseat tIne $Rato ere 0owvs 23 1 re metals which possess the property

of supoercenct1vtTL (A•oag 4bse sacb metals as tin, leo,4, aluminun, sine.

ani others. 3eoLeoo* * Ctest bimaer of cop.oundo e.nd Ulloys at low ter-

peraturos %ls* 'beosse ea.etondueets,

The remarkable peafoerlp of epreeesaeutivty was demon.r, ated with spe--

cial lucidity Is an egt.eelmeat v%& e leadex.superconeuctive ring which was

not eonnecte*& p vwih ey swaece of electrical energy. An electric cur-

rent excited to. s on ereirulate 3t $I for hours, practically as long as it

to possible te holS the tlow temnetare of the experiment.

In 1933 the Geotown scieatist V. Welsener discovered the dot less curious

magnetic properties of the supercoadacters. In these exreriments the super-

conductor was placed is a magoetti 9l@14 staS cooled until it VAssed Into the

supercaoductive state. The manIktse rielL vhen this hkppened was .yihel

eAt ef the velsae of tik? siePeeote.SeI and conceatrat*e4 I a very narrow
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(of the order of 10- cm) V~rface Jayop. T~mi the vu~xtic Ciold 6sactt

penetraet the islortor of & snslatace vblgh I* bth 16.ch4at~ %Aa*

~l. s., mats ecttqe4 the best Ot thO W0ieO60f *tf~cte

So eengt resistance to as electric "arie? Sa4 the VAp~etie pboper%&**

of U fte Vo.confi*teoro IS their BAttir. "TO& to be Sgban~aeStAl fact*,, vIP

the aiS of ;Ascb. Witboat a'eferiagte toextraemous )ipotholoo, %he Buitish

saraqtiste 1. 14*1600 anda. 10o1404 vero aWe to explain the nature of 6lmo6%

al. em! stig on. orimental WotVil.

lowever. for a long time, onewas #aot Able to giv'e an explan~ation. to these

PhmolMO~Ak notwteihstaInding the Vtirr coneidesr'blet Interest manifostod by the

scientiuts of the, vholt world In lopercoadvativlty during the ccoirse of al.

soot holf a century. Only quits recently the austrous attempts In this 41.v

rection were crowned with success.

&AS U.torO tAki4A Up the Story Of tbe

4 e Unow a~ccopliebauente la cleari&ag uap supercoo.
I1

ductIVtyvt It Is, 4a place to Call attention

to still one more TemarkAble phooeasoos also

observed at ivera' low temw ratUrogg Ve have

In 91#A the superfitaidity of )iq'aid hellum.

Although this phienomnenonj we digcoverod coam
Atudoolcion I. L. Dogolyubow

olderatly later than ouporcoa4~ctivity (is

the yeatr 1934 by tho e scamcias P0 zoo Kapitsa) it #ot gull explsazatioa ale

see% 4ern yeer, earlier,

VJ1at klind of a Phenomseno Is this ompasrfluldity which but Muc artfimtty

with supercen4imcti~lvty It to ksevn 0&a1 at the atsolute tes~epetoro

of 11,2 W edow Soy drS tug, to abooliSto sero) holui* fA T M.Ieslf to 00

It4ae 1016m~ (It tho Pfasw*, is less IMS ~3 st~sispherssa %us *%a SU

fl~.e4?ltj e1t



twisporattLo S.190 5 6# #*&chat bei.iis Veesolae Sa. *~ci-4 9%perflis64 othe.,

With go Sae. qj#Ceeit. such ase I* 6hliA6SagtjGrl Of -1W oSV6fAfaq 140vA4

of go*. to This state the belles ACPlivu' the es1061ty to 924w thraou lOe

11hiseet cojldlaro qu. ite freelle out for its rn.,exet %bore is net roetlre
a Lffeieseeq of preemIE.., JUst us.th# 4fiatrAt Ilew hoAte ~scfd~

titVe rnag without 4 ditivrence In paoutoia~p

AS it flok jb. SOW tjj'WM out %be

A.
r 4. m.. and ouperflUidity are, vlsost onme

a 3

noofth~ thure oioto A Pro%"od ut ~-
~ Iim T A itel aPA saa?.kekhIicel rAMiOV.

M EAMMAIV -. ~O cracthwive U a fes wi ords

the lratest acccmpliiadiite 41k exphlshl-
With the %oveinig of t011 texpowuetwe

the resistant- of mercur IA aewgpe.;tviy neeeud .

gradually, bat af the terporsnttlie or a f ~CA~ciIyi uegu

4.20Y the curve, drops st~rtrly.-el~e-. itofke1*roSI00mal
In .e~l*IpU¶tng suv'.rtul~dIty an

trical resistance becomes vor6--it
1moortrint role whr playod by the t)ke-

Passes Into 9be OUT.ercoaductivo state*
ory etf Acadorcialon Lo Do L~and~it

loll lef t, specific resistance: be-
1ev.Bashed on ot serlea of slor.4d previses

zbOut the usieroscobtie nitture of tWe

piaemeneom It uYJe it poesiblr tco explusn some Orzracterletlc tr~atv of go-

Pernfsiditr. ts t1l.7 tive &utbor of those line$ succeeded In developiag a

gSetelteaSt ereeteOPie tbeeeP Ot eSUPenllsdity sAM d0AIrtin special sthohs

**%Scot. ..esi$.l biiL w A&@ atele o & Usl~gedofa ewi1U@4oati. e

q19 olo, 4*ýXqslo$bePome 4cftprvosOSII~0
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lit, tb&* ery Oort we*s ex~lained tb. fo~lelowng pictur* of the

4004 to %bh IsSIvdeml priteso an @bi tted SAO" maI*1 popý

nemi 11PM metteov a bio togroo or emnsvIheee hibi to bvevg

aboat by ak pewwM i ~tw sto em Ue s esprate pw11.1.. *t the @*;r*~

fluid J6p0a, sol imop cgve, UO "IF W3 rm MWos MW 6 pitig o , volocit tes

*f ASOc Am~ dipateR. so VaseIMOV "to, ese 00 atew woe russl ~re a w

.street msalatf W5m AM tis 1atsio 4me that oedna the %solie diffl..l.

ty Ina eveattimas 11sem of usPOORNSU0I

so the suprilvil lipil to wIt3 69 te OsW0 tat truution of the

pairs of' particele. V9ith 460aft .31ON ASM1100 djoI~b mitloe ogbe is

formoed special 0"ODIomS00,0 2me 10"ie401 th0M fle themselves In It

CONst aie oMt 0039OBO oeilk 2102 hJOSIO0 Aeins. a whole, the SupertluiI

3$%*i ItIM45 Itself 40PAIwlR 4W itemIto. Ofe Reosbo~oste' clabo, f1010

cnul a 00qS U3IIP 30 twomtW"ge sod abewetor te OWSkssom uat osuper-

fNugAtW SW OuemmA omay 40,04 to "0020tv $0000

sit &*Poo Omm" 66& Me ro3sss~t lt us recali briefly

ft gWISI %l%#I. *I* *selMM Of, .40M%$Wv ..3BWMOlVj O UStmetls

it IA It*&1 Othe si ane not Imwasfu t is i re.o4ewy fasbi. bet 'by oegm

law gev--. 20WMI theM f the GO-sd19014 oWPVSUIIMW lttice, the electrital

ciiirut, rmoiw.st Ome Olw Of Ath eOcatM3e Illosin31g, three&. metal ^the

Oelitroms CallaoO wift. atme iof the 607m414S. lttice sad thereby? hula

ostea tuie12 olmitlattozie. Iaieftwlo tie Oloostoms give off their emewwy

to.0 te rtgs and are retairhi It In MJa'At that the flow of Slet wous by

* la~Ito WbO puWA.VO tOf UDCeMAOaetISi of etalOs, Whith WO taluritto

0

00



imw to6e j#6qe%# to 11.as 11..e.~4ijb* lattice at the teutratur* of

all&*&st#oft does as% Offer Rabieteeee to "s 01"4#444 etveoat but aft

soD tepftuo.ewe 0"s Is$ of em41 leg's.. 10410tmae Oura. to 0 wqn¶Sb

of '00 got 1ieiba of Sth eletimse 141A the gpast of host OuSuStlU1,0 Of*

obb lotUIs. the pOtmse. Omo quadl ontiestht t6hse gostim or ash wloa.

vbieh 14016 RAW Outhe 40~tm brP4% 940 the whel tISW of NOW. eSoto

finrst imt4sg to $044oe by the IWItws Secintett am agmberigse to L. %n

fthe fte the "lot of timi of usieg c"Mopeji the Inteuatiess of se

tMReIs Som temonwty of Ih* 017. 011 4fatl10 U me iOet, i p"wetoa

* asthe Istoractiam of go0lete" 140, tab phemm. Ithe crecuossehs Smp00.

tetMIetWO Im. (Is tows as eiot S *m up"be out sa*isi mboesa torhe

femttor ean.th o0et~ .eea?

Wea smortahere Ia a ltoole *lot iWSu am a dSM46p of the Mst19 of 0961

oru~srv oa~t~v~y o ustl..* 4~ *M ale bo elons It 6, geosi..l

the pvlatrmatl difeth oloCtweamj wI~tefrtab ofa~m %ti 0oresties OWNe sill

£ 564904a ftombtessof th teeimtebe 'Mte Ofatiere of the ehoyan %t to vim

Of~ IMoran phfai.4PSI tbNRCIe CONM0S t out tole 1o6 adhe te ofseelos.

ties. Am tkve& Vo that tsel S a wmser erctmet th~ome Osaeostroam m

of she. maboatiesh difrivelthe hsl qaiso h polm a .we

0 0.



Starting vith his Us* ed thes

&motepli Wogts* so w4e e th

GOmelU 'SOR wshe me tomwn" 4w

09te ~ of Sb.to "~to of~

Shie dvaft ft & lA111.of whe ass.o

MtS st tbe e6e"ic Vh1aw ot Sb

PAM5 sulde *34 ovxou mtio force limes isotopb u I Mbis M &f2m ft 291

1w a sapercoa~ftetsw q*r Ilk tte O"'OI "~11m~ eglBRWA.

Psetg ohs to, th 11e . rtwo.cfte1z OwktS atullj. It uCOM ew rout

(?4e1.euOr Offect). ,b cv~sesh~ art GM nbIchle Usofti %"sourg

lb. u.6etIC-form l1r.*9 Vhe the Wes ofes Corresdl ** wa~les1 rM

OPMNGMe s DOt :eA r,,iaed Into the tonso St. tkale b"N"8*

So &eta' the um' a lever caotev WOWii Us Wts Amw

t er'erui t A re %ISt e bco ItiP 4xirwLij~q 15. to *$Nhick's ft"WS "uto e

dir~teu th. trftw of tot# tbeapetl. jiobjAagto AfbeM'*e4) ppogeW
ferce I ine a'round sýýro vhich b&$ beg trM 5he" UJ" S Ow sea&~

passed into tkho *1WAGIctAs*tl. ll tho PUMhNh ofinge.

fhe lines Ftre completely puxshed Ou% of *otleij.j ftelb OS* St a"W to

th*. volime o~f the wpitwrt.. 'bSrin to eI~tlisaI Pwleu1 Wool

0 0

600



but the'y did so% b~ays, utr&vtj? vu1.1kip. eemytacing force. Tbol re-

gair.*I ai 41s, &geve of #wptI.sqlq 6qft~jm to fft a~lh verl-

flealtei4 C.*4C to a#egii.4 %# OIS ct Sakution Of 1#0*0SAS& spa4Qns.

Nkan s6i@&l6i*qIN 13 lvergs UMSSIUI@ 9S0ed on 6b~ ptoSbq.

AS m ipcuW~ phV.4 160 Gbmit fA e ren a49 af 6W. #iMti4ti. Ig tbp

601014D Of VWxOb21Q'*" OWASSO We eq'e*9ed Of the AwA~gluab edibtlk$e
ft X, . S2ttatth. I& T& &jgp a SeW' $0I X& Plff SW~ ia$ttd& td hs

&Mull ft* 06SOSeiia so%* at". .R4 4,1f61 oWretftBSS@SS euM-ft OU...

Vc0PeA sit a weclAt, v* bw AMersa* Gow~ a"# 4 Imlm to A #Nwi.

U&m J. L. 54h1FIROWN. VW' 40A StAlk 4 Rsebm' t'te i~ sm

vbt* then fpAUA4 't00 14100401, vt 0li1om. "" ft 1406 Aw5U#.

in Pkirethallfm v.eserctoi..tsrm a Eget dA w
describe tbs head 'betwoft thbm u* w02 ullSS Alb bbi 100-1 00 iSOM

eNa9W@40PlVott sht~ tu n * (00mm"

Cooper Sol citlettezr 100", Usa *a'( se~rlo or t lafe.40-Uwg

zAt ceaatflibtlon to ti theali~ 000of S~M a* b olowS tabiaqaxv "Ot SUN

In wzktirc. ox the thleary of uvce~ctYt were aci magglecu in

deieloplagou meUF~ n A8940&p140 tO0 I"S hi unlmOf a Ob Sty0 pdftj letvdtr.

%lot US en'be 040 foll Ad 9SPIoS2Y tO* 2 e Ofb #ftbleS* 00*t .ml

*e IalelollY proposed UbP ZUcllets Wit 0400 O4tb Isi 8-DIMUbbIA oleo

tlteroleaks# lpro~utusol.6 oxftp.mle SY tobtse 16%0 9Ve~lcst~t S"wAS A.

sig~troS~tlg layllott Of 00. olett se, ThoI now Nelbo4 In Q0 &W4-



otment of which an imo"It V~t was taL~tgn bpj mx col11bhrators D. 1.

Zubarev, V. 1'. 1s~0e*t~, 0oV .1' . Tee*tzotvtikey and

D. t. Shiteqts ttja Os# ft j SMe~S'igt Of 413 tdeio# of my verb ite

accertange iltb Oft *%@1OM"I h00v7 Of OwpewfileiditV fni'6lldd Us

yeisf* *C. -

0'

_Its

400

In norm.A met&4 thae alý-Ctp'onh note it 8SivrdertU fashion& If a differ-

tar.? teatnlSc ipp~e4tW h* ~t4tiWe Movt~3@nf beiomies oeht

mare orderly. 3Howisre1r, the #Jogtmgn All2 atILl colliid.. vIth atomik of the

crystall~i" ILte of the metal. AdM SIM happens t6O 91ietrons give

up their enerý-.W WhbLg"&4R Lt* tb* *Xeltatloca of oscillations of the of

the seprvat* tatlas (tIt U~jW atGm as tb* left dr wiig_). Fro* the point

of VtCv (of the* 4UI~ho 0104WIWtb e41otroa We? gm~ttttd tý hafn. The

86VI3t'n't of 01 '01,MtreflSm WU*b~ ~ It I* In lA& supeftondmotilre

01&40 ^e44jr# & Ifth 4ea#&, ietl 4M~jau'$jju The, &JOC-m Lornas spe"b

portionno las, flow of 00 10404HObN 36053 '40 i@*t0'4,04 an the pirt at

AP lattice: the electrAeal Nelit~ie It bitwg to 009 CrIOdtb'A 4gM'.al

Asea nOewt Of lkb* fsewehe cookeota It tau'uu4 set ORuS Ow ghobew

eMof espeicesietIvlit MA sefudt ane pbv.Ie'U aed S.#.U**q40&%j
Iheeetbl~hmmtOf WOB tt Is youV *efa.s*9 begtak 4* go
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the present time in physics circles the opinion prevailed that altogether

it was kardly possible to have an affinity between the behaviorsof a sye-

tem consisting of atoms of helium and a system consisting of electrons.

The mat'er is that the static properties of these particles, which also

determine the behavior of the systems made up of ther, are quite different.

One can get a Ceneral picture of the behavior of the

electrons in the superconductive state in the following fashion. The

free electrons in this state form 4 hmad collective, in Its properties

similar to that which in the tbeorp of sguetfluidity is called "condensate.s

In order to tear an electron ea of * Ws colleetive it is necessary to

do work the magnitude of which ti of tie s me crier at the heat energ

correspori-ling to the tempeoetao of SransIjlen from the eapereenductIve

into the normal state. Due to *%4% a Son4 the Mvement of the collective

as a whole oroves to oe stabieS the elos4rle giu#ent in IYA metal does not

meet with resistance.

The electrostatic repulsion 61 the o1oltroses of course. operates

agttinst the formation of such a "eonfteuaate.s fovero, thes repulsion,

as we now nmow, operates itch more seak-11? %A" %me sssgmed I& the Bajoeea-.

Cooper-$cSdrleffer theory.

Besides, the new method made if pots%%%e te qgnlpuate the oscillations

of the collective of eleetrolt an. oS*talfteS She existence of a special

kind of excitation-eleetomie vat*&* Ihe viergj eo which to inversely pro-

portion-I to their length, &a4 Waft1 pfpertionit 4 tIle mzxivmn velocity

of the electrons.

The formulatien ef the theest St eow'reemoiaetivity opeas usp broad

prospects for the solution of ajV 97vetile important problems connected

with the "se of seapeeendueters In modern technology. Although these

TD-TT-62•-l7lL/l 9



possibilities (for exampl, the tranmwsioon of electrical energy over

a long distance) promise great economic effect up to the present time the

application of superconductors has onl been speradic. This is explained

by the fact that surerconductors exist at very low temperatures--not above

minus 2500 centigrade.

One can think that the theory of superconductivity wi]l be able to

solve in principle the problem of the poesibility of creating a supevcom-

ductor at room temDeratdre.

In connection with this subject one should express the hope that our

mathematical method which made it -osllble to create both the theory of

superfluidity and the theory of superconductivity will enjoy broad appli-

cation in other fields of statistic phyL,'cA.

FTD-TT 62-1714/1 ÷2 10
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